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Abstract: Pressure-sensitive paint technology is a wind tunnel pressure measurement frontier technology with high
economical efficiency and high speed. In the wind tunnel test, due to the strong wind, the model will be distorted,
making the wind image and the windless image difficult to register, which will seriously affect the pressure mea-
surement accuracy. In response to this problem, this paper innovatively applies the two-dimensional non-rigid
iterative closest point (ICP) algorithm to solve this problem. The point cloud method is used to make the image detail
area to be effectively registered, and it is also conducive to the subsequent three-dimensional reconstruction work.
However, due to the two-dimensional non-rigid ICP algorithm, only the two-dimensional coordinate positional rela-
tionship is considered. The correlation of the pixel grayscales of the pressure-sensitive paint image is neglected, so
that the registration accuracy is not too high. However, if the three-dimensional non-rigid ICP algorithm is directly
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used, misregistration will occur. Therefore, in order to further improve the registration accuracy, this paper proposes
a non-rigid ICP algorithm based on pixel-based search strategy. The algorithm designs a dual-target search strategy
that takes 2D coordinates and pixel gray values into consideration and achieves accurate local matching, realizing
point search and double goal optimization. The algorithm of this paper is compared with five registration algorithms
on multiple sets of pressure sensitive paint images. The experimental results show that the proposed algorithm has
the best registration accuracy. Compared to the suboptimal algorithm, the RMSE is improved by more than 15% and

the NMl is increased by about 5%.
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Fig. 6 Overlapped images after registration of different algorithms in the case of 00ff/10. (a) Raw overlapped images; (b) Overlapped images

after MSID registration; (c) Overlapped images after MI-Bspline registration; (d) Overlapped images after NRICP registration; (e) Overlapped

images after NRICP (CnNMI) registration; (f) Overlapped images after NRICP (FNNMI) registration; (g) Overlapped images based on our algo-
rithm
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after MSID registration; (c) Overlapped images after MI-Bspline registration; (d) Overlapped images after NRICP registration; (e) Overlapped

images after NRICP (CnNMI) registration; (f) Overlapped images after NRICP (FnNMI) registration; (g) Overlapped images based on our algo-
rithm
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Table 1 Comparison of indicators after registration of different algorithms in the case of 0off/10

Raw (a) MSID (b) MI-Bspline (c) NRICP (d) NRICP(CnNMI) (e)  NRICP(FnNMI) (f) Ours (g)

RMSE 3.8194 3.0133 1.4077 2.7612 1.5211 1.215 1.0529
NMI 0.4721 0.5564 0.5710 0.4892 0.5587 0.5658 0.5970

A 2 200ffl20D & ik B /5 18 47af L

Table 2 Comparison of indicators after registration of different algorithms in the case of 200ff/20D

Raw(a) MSID(b) MI-Bspline(c) NRICP(d) NRICP(CnNMI)(e) NRICP(FnNMI) (f)  Ours (g)

RMSE 2.8611 1.8630 1.3591 1.3482 1.2808 1.2460 1.0065
NMI 0.5508 0.5891 0.6156 0.5897 0.5926 0.5954 0.6212
NMI NRICP(CnNMI) NRICP(FnNMI) ICP
NRICP(FnNMI) NRICP(CnNMI) NMI
NRICP(FnNMI)
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Overlapped pressure-sensitive paint images after registration of our algorithm

Overview: In recent years, with the rapid development of China's aviation industry, higher requirements have been put
forward for designing and manufacturing new types of aircraft. The wind tunnel pressure test is a key link in design and
manufacturing. The current popular method is to use pressure-sensitive paint technology with the advantages of econ-
omy and speed for pressure measurement. The principle is that the pressure-sensitive paint will perform a dynamic
oxidation quenching reaction according to the surface pressure of the test model, thus emitting light with different in-
tensities. The two images of the test model under windy and windless conditions are taken and calculated using the
Stern-Volmer formula. The corresponding pixel pressure data is obtained, and the two-dimensional pressure distribu-
tion of the entire model surface can be obtained. However, due to the existence of aerodynamic loads in the actual test,
deformation and displacement of the test model will occur. In particular, under strong wind speed conditions, the test
model will easily undergo elastic deformation and the resulting image will also be distorted. Therefore, registration of
windy images is required. However, current algorithms for registering pressure-sensitive paint images have more or less
partial disadvantages. For example, it is hard to achieve registration of image details for the registration of the model
using only a rigid transformation, or simple non-rigid transformation registration of the model as a whole (affine trans-
formation or polynomial transformation). This paper innovatively uses the two-dimensional non-rigid iterative closest
point (ICP) algorithm to solve those problems. The point cloud method is used to make the image detail area to be ef-
fectively registered, and it is also conducive to the subsequent three-dimensional reconstruction work. However, due to
the traditional two-dimensional non-rigid ICP algorithm, only the two-dimensional coordinate position relationship is
considered, and the correlation of pixel grayscales of the pressure-sensitive paint image is ignored. Thus, the registration
accuracy is not too high. However, if the three-dimensional non-rigid ICP algorithm is directly used, misregistration
will occur. Therefore, in order to further improve the accuracy of registration, this paper proposes an improved
non-rigid ICP algorithm based on pixel association search strategy. The algorithm designs a dual-target search strategy
that takes 2D coordinates and pixel gray values into consideration and achieves accurate local matching, realizing point
search and double goal optimization. The algorithm of this paper is compared with five registration algorithms on mul-
tiple sets of pressure sensitive paint images. The experimental results show that the proposed algorithm has the best reg-
istration accuracy. Compared to the suboptimal algorithm, RMSE increased by more than 15%, and NMI increased by
about 5%.

Citation: Liang C, Pu F Y, Liang L, et al. Pressure sensitive paint image registration combined with gray level informa-
tion[J]. Opto-Electronic Engineering, 2019, 46(2): 180301

Supported by the Ministry of Education Chunhui Project (z22016149) and Xihua University Key Laboratory Develop-
ment Program (szjj2017-065)
* E-mail: skywork@163.com

180301-10




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


